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2 Claims. 

Our invention relates to cascade transformers. 
A transformer of the usual construction. With 
One or both of its windings arranged for opera 
tion at very high voltages is necessarily large 
and expensive because of the large amount of 
insulation which is required. If the power to 
be transmitted is rather Small, it has been found 
more economical in many cases to use two or 
more much Smaller transformer units connected 
in series or cascade. 
The general object of the invention is to pro 

vide an improved transformer of the cascade 
type. 

Further objects and advantages Will appear 
from the following description taken in connec 
tion. With the accompanying dra Wing in Which 
Fig. 1 is a View in elevation, partly in Section, 
of a cascade transformer constructed in accord 
ance with the invention, and Fig. 2 is a diagram 
natic view of the transformer connections. 

Like reference characters indicate similar 
parts in both figures of the drawing. 
The cascade transformer shown in the draw 

ing includes three transformer UnitS, each hav 
ing a magnetic core O and a high Voltage wind 
ing . The transformer units are enclosed in a 
vertical casing formed of alternate metallic Sec 
tions i2 and insulating sections 3. The lower 
most casing section f2 encloses the lowermost 
transformer unit and is preferably connected to 
a ground 4. Each of the other transformer units 
is supported in a metallic casing section 2 by 
spaced supports 5. The metallic casing sections 
2 and insulating casing sections 3 are secured 

together by clamping rings 6 to form a single 
tubular vertical Wall With liquid-tight joints. 
The casing is filled with an insulating liquid 
which extends into a metallic cap 8. Secured 
above the uppermost insulating casing section 3, 
a gas space 9 being left above the level of the 
liquid in the cap to permit eXpansion and con 
traction of the liquid due to changes in tempera 
ture. The high voltage windings f of the trans 
former units are connected in series or cascade 
by conductors 20 between a high voltage ter 
minal 2 and the ground 4, the high voltage 
terminal 2 being secured to the cap 8. Ad 
jacent transformer units are coupled together by 
a coupling circuit including a coupling winding 
22 on each core, as indicated in Fig. 2, to main 
tain the uniform distribution of the voltage be 
tween the transformer units during normal op 
eration. The use of only one of the coupling 
windings is necessary of course in the upper 
transformer unit and in the lower transformer 

(C. 175-36.) 
lInit. 
former unit is connected to terminals 23 and acts 
aS a Secondary Winding to supply current to a 
local low Voltage circuit. 
The magnetic cores 

units are disposed horizontally in their respec 
tive casing Sections 2 so that the insulating liq 
uid T may rise by convection through the open 
ingS in the COres as the cores and windings are 
heated during operation. After rising into the 
eXpansion cap 8, the liquid descends along the 
inner Surface of the casing where it is cooled 
S0 that after reaching the iower or base section 
i2 of the casing, it is ready to rise again through 
the trainsformer units and absorb more heat. 
An in Sulating cylinder or baffle 24 extends above 
each transformer unit and is spaced from the 
Wali of the casing to separate the current of liq 
lid ficWing upWardly through the transformer 
units and the current of liquid flowing down 
Wardly close to the casing wall, the upward and 
down Ward paths of the liquid being indicated by 
broken lines in Fig. i. The provision of these 
baffles increases the velocity of flow of the liquid 
and consequently the rate at which heat is ab 
SOrbed from the transformer units and dissi 
pated through the Casing wall. The insulating 
Sections 3 of the casing need be only long enough 
to provide necessary insulation between the 
transformer units and between the upper trans 
former unit and the expansion cap 8. They 
need be only large enough in cross section to pro 
Vide necessary mechanical strength and to en 
close the COInnections between the transformer 
unitS and between the upper transformer unit 
and the terminal 2 and to conduct the upward 
ly and down Wardly flowing liquid without undue 
restriction. The inner diameters of the insu 
lating Casing sections 3 may therefore be sub 
Stantially Smaller than the outer diameters of 
the transformer units as indicated in Fig. 1. The 
metallic casing Sections 2, hoWever, are of con 
Siderably greater diameter So that they may be 
Spaced Sufficiently from the transformer units 
to permit the descending current of liquid to flow 
freely. A particularly advantageous feature of 
the invention is the disposition of the insulating 
casing sections 3 betWeen the transformer units 
Where these casing Sections may be of substan 
tially Smaller diameter than that of the trans 
former units. The insulating casing sections 3 
are preferably formed of porcelain which is very 
expensive and the size of these insulating sec 
tions is therefore very important. The metallic 
casing Sections f2 are in intimate contact with 

0 of the transformer . 
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the descending current of insulating liquid 
and they have excellent heat-conductive chair 
acteristics so that they act effectively in cooling 
the liquid. 
The magnetic cores G are connected to the 

high voltage transformer circuit, as indicated in 
Fig. 2, and the metallic casing sections 2 are 
electrically COnnected to their respective mag 
netic cores 9 through the supports 5 so that 
each magnetic core and its enclosing metallic 
casing Section assume the potential of the corre 
sponding part of the high voltage circuit. When 
an abnormally high voltage surge, such as may 
be caused by lightning or switching operations 
and which is of extremely brief duration, is in 
pressed On the high Voltage terminal 2, a con 
centration of Voltage tends to appear in a Small 
part of the high voltage circuit nearest the high 
voltage terminal. It is well known, however, 
that the initial distribution of a sudden surge 
voltage may be made more uniform throughout 
the high voltage circuit by increasing the series 
capacitance between the two ends of the circuit. 
The presence of the metallic casing sections 2 
extended substantially beyond the transformer 
units which they enclose and connected elec 
trically to adjacent parts of the high voltage cir 
cuit obviously increases the series capacitance be 
tween the high voltage terminal 2 and the 
ground f4 and therefore has the effect of sub 
stantially increasing the uniformity of distribu 
tion of a suddenly impressed high voltage surge 
on the terminal 2. 
The invention has been explained by describ 

ling and illustrating a particular construction of 
Cascade transformer including three transformer 
units but it will be apparent that changes in the 
number of units and in other features of the con 
struction described may be made without depart 
1ng from the Spirit of the invention and the scope 
of the appended claims. 

2,113,421 
What we claim as new and desire to secure by 

Letters Patent of the United States, is: 
1. A cascade transformer including two series 

connected transformer units, a casing enclosing 
said units, and an insulating liquid in said cas 
ing, said casing including a metallic section en 
closing each unit and an insulating section be 
tWeen said metallic Sections, the inner diameter 
of the insulating section being smaller than the 
Outer diameter of the transformer units, said 
transformer units having openings to permit up 
Ward flow of said liquid through the units, each 
metallic casing section being spaced from the 
transformer unit which it encloses to provide a 
path for downward flow of the liquid between the 
transformer units and casing and in contact with 
Said metallic casing sections and said metallic 
Sections being also in contact with the air sur 
rounding the casing to provide effective heat dis 
Sipation from the liquid in contact with their 
inner surfaces. 

2. A cascade transformer including two series 
connected transformer units, and a casing en 
closing Said units, said casing including a metal 
lic Section enclosing each transformer unit and 
electrically connected to the series transformer 
circuit, and an insulating casing section between 
Said metallic Sections and holding the metallic 
Sections in Spaced relation, the inner diameter of 
the insulating Section being smaller than the 
Outer diameters of the transformer units, each 
metallic casing section being spaced from the 
transformer unit Wlich it encloses to provide a 
path for downward flow of the liquid between 
the transformer units and casing and in contact 
With Said metallic casing sections, and each 
metallic casing section being also in contact with 
the air Surrounding the casing to provide effec 
tive heat dissipation from the liquid in contact 
With their inner Surfaces. 

GUGLIELMO CAMILLI. 
WILLIAM E. LINCH. 
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